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(57) The intra-arterial occluder (1 0) according to tlie 
invention exiiibits a central elongated portion (1 1 ) being 
comparatively stiff, i.e. by being thicker, and an outer rim 
portion (1 2) being more flexible. The occluder is passed 
through the puncture (3], and is oriented such that the 
axis of the central portion is generally coaxial with the 
vessel (2). When retracted, the central portion will rest 



against the vessel wall at two diametrically opposed ar- 
eas (8) around the puncture, and along the length of the 
vessel. These areas represent the strongest areas 
around the puncture, and will therefore be able to safely 
carry the retracting force. At the same time, the thinner 
circumferential rim portion, which is easily foldableto fit 
into an insertion tool, adapts to the vessel wall and acts 
as an efficient sealing. 
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Description 

Teciinical Fieid of tiie Invention 

[0001] The present invention relates to a plug for seal- 
ing a percutaneous puncture in a vessel, at tine inner 
surface of tine vessel. 

Description of the Prior Art 

[0002] During certain types of medical surgery or 
treatment an introducer is used to access the vascular 
system of a patient. The introducer is inserted through 
the wail of a blood vessel in order to obtain access to 
the vascular system and may thereafter be used for 
guiding medical instruments such as catheters, guide 
wires and the like. 

[0003] After the completion of the medical procedure 
there will be an incision or a wound in the wall of the 
blood vessel corresponding to the size of the introducer. 
The bleeding from the wound, which is the result of such 
a surgical operation, may be stopped by applying direct 
pressure on the wound. However, applying direct pres- 
sure on the wound will require assistance of medical 
personnel and may also restrict the blood flow through 
the vessel. 

[0004] EP-766 947 A2 describes a hemostatic punc- 
ture device for sealing a percutaneous puncture. The 
main parts of this device are an anchoring means, a col- 
lagen foam acting as a sealing means, a filament means 
and carrier means. The device uses an introducer or the 
like in order to guide the different parts to the puncture. 
The anchoring means, which is a narrow, rigid beam 
member, is introduced through the puncture to be insert- 
ed into the vessel. During the introduction, the anchoring 
means is in a longitudinal position, in order to fit into the 
introducer. In orderto function as an anchor the anchor- 
ing means is manipulated in such a way that its end por- 
tions grip the inner edges of the puncture. The anchoring 
means is connected to the sealing means by the fila- 
ment means in a pulley-like configuration. Thus, after 
the anchoring means has been put in place and the in- 
troducer is withdrawn the pulley-like configuration will 
pull the sealing means towards the puncture and then 
eventually seal the puncture on the outside wall of the 
vessel. Thus, the collagen foam performs all the sealing, 
i.e. the puncture is only sealed on the outside wall of the 
vessel. The collagen foam is effective in stopping the 
flow of blood, but the closure device according to EP- 
766 947 has disadvantages. One such disadvantage is 
the risk that the local tension applied to the edges of the 
puncture by the anchoring means, which contacts the 
puncture edge at two sites only, will rupture the edges 
of the puncture. In addition, the use of a sealing that 
seals on the outside of the vessel requires higher seal- 
ing force than a corresponding inner sealing. 
[0005] Through US 5,350,399, which is assessed to 
be the closest prior art, it is known to seal a puncture 



through a vessel with an intra-arterial occluder and an 
extra-arterial occluder, respectively. The occluders are 
made of resilient biocompatible and/or bioabsorbable 
material and are held together by a saw-toothed guide 

5 extending from the intra-arterial occluder. A similar seal- 
ing is also disclosed in US 5,342,393 wherein inner and 
outer rivet members are joined by astern extending from 
the inner rivet to seal a puncture. 
[0006] In addition, an intra-arterial occluder is de- 

10 scribed in US patent no. 4,852,568. 

[0007] However, when using an intra-arterial occluder 
there is still a problem in that the edge of the puncture 
might rupture when a retracting force is applied to the 
stem of the intra-arterial occluder in order to urge it 

15 against the vessel wall. In addition, the occluder accord- 
ing to US 5,342,393 includes small hook-like means to 
clamp the edge of the puncture in order to ensure the 
sealing function of the occluders. These hook-like 
means are also a possible source for damage to the 

20 edge of the puncture. 

[0008] Thus there is a need for an improved intra-ar- 
terial occluder that provides a safe sealing of a percu- 
taneous puncture, and at the same time reduces the risk 
of a rupture in the vessel wall when applying a retracting 

25 force to the intra-arterial occluder in order to urge the 
occluder against the vessel wall. 

Summary of tiie invention 

30 [0009] According to the present invention, this object 
is achieved with an intra-arterial occluder according to 
claim 1 of the appended claims. 
[001 0] The intra-arterial occluder according to the in- 
vention exhibits a central elongated portion, attached to 

35 e retracting means, said central elongated portion hav- 
ing a higher stiffness than a surrounding rim portion, in 
orderto transfer the retracting force to those areas sur- 
rounding the puncture that have the highest strength 
against rupture. In a preferred embodiment, the higher 

40 stiffness is achieved by forming the central portion with 
a considerably higher thickness than the surrounding 
rim portion. 

[0011] In use, the occluder is passed through the 

puncture, and is oriented such that the axis of the central 
45 portion is generally coaxial with the vessel. When re- 
tracted, due to its stiffness the central portion will rest 
against the vessel wall at two diametrically opposed ar- 
eas around the puncture, and along the length of the 
vessel. These areas represent the strongest areas 
50 around the puncture, and will therefore be able to safely 
carry the retracting force. At the same time, the less stiff 
circumferential rim portion, which is easily foldable to fit 
into an insertion tool, adapts to the vessel wall and acts 
as an efficient sealing. 
55 [0012] Further scope of applicability of the present in- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it should be understood 
that the detailed description and specific examples, 
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while indicating preferred ennbodiments of the invention 
are given by way of illustration only. Various changes 
and modifications within the spirit and scope of the in- 
vention will become apparent to those sl<illed in the art 
from this detailed description. Reference is made to the 
accompanying drawings, which are given by way of il- 
lustration only and thus are not limiting the present in- 
vention, wherein 

Fig. 1 is a front view of an embodiment of an intra- 
arterial occluder according to the present invention. 

Fig. 2 is a cross sectional view taken along line l-l 

of Fig. 1. 

Fig. 3 is a side view of the occluder of Fig. 1 . 

Fig. 4 is a schematic illustration of a puncture in a 
vessel. 

Fig. 5 is a cross sectional view, perpendicularto the 
vessel, of an intra-arterial occluder according to the 
present invention sealing a puncture. 

Fig. 6 is a cross sectional view, along the length of 

the vessel, of an intraarterial occluder according to 
the present invention sealing a puncture. 

Fig. 7 shows another embodiment of an occluder 
according to the invention. 

Fig. 8 is a cross section of an introducer and an oc- 
cluder disposed therein. 

Fig. 9 is a front view of a second embodiment of an 
intra-arterial occluder according to the present in- 
vention. 

Fig. 10 is across sectional view taken along line II- 
II of Fig. 9. 

Detailed Description of Preferred Embodiments 

[0013] In Fig. 4 is shown a portion of a vessel 1 in a 
living body, such as the femoral artery. A puncture 3 has 
been made through the vessel wall 2, thereby creating 
an opening which has to be occluded after the treatment 
which made the puncture necessary. Indicated in Fig. 4 
is also the fibrous structure 4 of the vessel. This fibrous 
structure has the effect that the vessel is relatively 
strong in its circumferential direction 5. Atthe same time, 
the strength of the vessel fluctuates and is comparative- 
ly weak in Its longitudinal direction 6. 
[0014] Therefore, when applying a retracting force (i, 
e. a force acting on the edge of the puncture and being 
directed outward from the vessel) those areas 8 near 
the edge of the rupture that are situated along the axis 
of the vessel can withstand a higher tension than those 



areas 7 that are situated transversally thereto. 
[0015] According to the invention, this circumstance 
can be utilized to form an improved intra-arterial occlud- 
er, an embodiment of such an occluder 10 being shown 
5 in Figs. 1 , 2 and 3, wherein Fig. 1 is a front view. Fig. 2 
is a cross sectional view and Fig. 3 is a side view. 
[0016] in general, the occluder 10 according to the in- 
vention comprises an elongated comparatively stiff cen- 
tral portion 1 1 , surrounded by a rim portion 1 2 on at least 
the longitudinal sides of the central portion, said rim por- 
tion having a reduced stiffness with respect to the cen- 
tral portion, In addition, the occluder is provided with a 
generally flat surface 14, extending over the central por- 
tion and the rim portion, for contact with the inner wall 
of the vessel around the puncture, although this surface 
also could be provided with a certain degree of texture. 
[001 7] The dimensions of the occluder should be se- 
lected to suit the puncture to be sealed. As a guidance 
for practicing the present invention, some general rec- 
ommendation on occluder dimensions shall now be giv- 
en. 

[0018] The central portion 11 has a longitudinal length 
Lcp that exceeds the diameter of the puncture in the ves- 
sel direction, taking the dimensions of the occluder in- 
troducing tool (as will be described below) into account 
since it is probable that the occluder inserting tool will 
widen the puncture to some extent. Preferably, the 
length Lcp of the central portion is about 50 % longer 
than the diameter of the puncture in the vessel direction. 
A typical value of Lcp is about 6 mm. 
[001 9] At the same time, the width Wcp of the central 
portion should be less than the puncture diameter in the 
direction transverse to the vessel direction, in order to 
be safely inserted through the puncture in a folded state 
and to reduce the width of the abutment areas of the 
central portion against the vessel wall. 
[0020] The rim portion 12 of lower stiffness could be 
formed as separate portions extending along each side 
of the central portion, although they are preferably 
formed as a surrounding continuous rim around the cen- 
tral portion (as shown in the figures). 
[0021] In a preferred embodiment, as will be de- 
scribed below, the different stiffness of the central por- 
tion and the rim portion, respectively, is achieved by 
forming said portion as integrated sections having dif- 
ferent thickness. 

[0022] The reduced thickness of the rim portion, i.e. 
the lower stiffness, provides a flexibility to the rim portion 
that improves the sealing properties of the occluder. 
[0023] The central portion 11 has a maximum thick- 
ness Tcp which gives the central portion an improved 
stiffness to carry a retracting load, while the rim portion 
1 2 has a maximum thickness of Trp. Trp is typically ap- 
proximately 1/2 of Tcp or less, and preferably about 1/3 
of Tcp. A typical value of Tcp is about 1 mm. 
[0024] The width Wcp of the central portion 1 1 should 
be less than the inner diameter of the introducing tool 
used to insert the occluder in the vessel, in orderto allow 
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the occluder to be folded and placed within the introduc- 
ing tool. The overall width of the occluder (i.e. Wcp + 
2*Wrp) is typically about 50% larger than the inner di- 
ameter of the introducing tool. 

[0025] By inserting the occluder into the vessel in 

such a way that the respective end portions of the elon- 
gated central portion abut against the longitudinally sit- 
uated puncture edge areas 8 of the inner vessel wall, a 
retracting force applied to the occluder will nnainly be 
absorbed by those areas 8 having the highest strength 
against rupture. Preferably, the rim portion is tapered 
outwards towards its periphery in order improve its flex- 
ibility and to provide an essentially step free inner junc- 
tion against the vessel wall. 

[0026] When urging the intra-arterial occluder to- 
wards the inner wall of the vessel, the rim portion covers 
the areas surrounding the puncture, thereby sealing the 
puncture against blood penetration. Due to the elongat- 
ed shape of the occluder, i.e. its extension along the 
length of the vessel, a considerably more safe sealing 
will be obtained compared to a conventional circular 
sealing, 

[0027] In addition, the elongated shape of the present 
occluder provides a self-guiding effect in that the outer 
ends of the occluder will align themselves in the vessel 
as they are drawn towards the vessel wall. 
[0028] The position of an inserted occluder according 
to the invention is generally shown in the cross sectional 
views of Figs. 5 and 6, shown a crosswise (Fig. 5) and 
a lengthwise (Fig. 6) section. The occluder 10 abuts 
against the vessel wall 2 due to a retracting force in the 
retracting means 22. The rim portion 12 seals the punc- 
ture, and the ends sections of the central portion 1 1 rests 
against the comparatively strong areas 8, as described 
above. 

[0029] Preferably, the central portion and the rim por- 
tion are integrated, allowing for easy one-step manufac- 
turing. 

[0030] Means for applying the retracting force are pro- 
vided in the central portion of the occluder. For example, 
as is shown in Fig. 1,2,5 and 6, a through hole 13 is 
provided through which a string 22 could be passed and 
secured with a knot, a drop of an adhesive or a melted 
plastic, or similar. The occluder is urged towards the 
vessel wallbysimply pulling the string. In Fig. 7 isshown 
another embodiment of a pulling device, namely a stem 
21 protruding from the central portion 11 of the occluder 
10. The stem is integrally formed with the occluder, and 
could optionally be provided with a saw-tooth profile (not 
shown) for mating with an optional extra- arte rial occlud- 
er, 

[0031] An occluder according to the invention is typi- 
cally manufactured by injection molding, and is formed 
of any suitable flexible and biodegradable material, 
[0032] The intra-arterial occluder and its retracting 
means is inserted into the vessel using an insertion tool 
similar to any suitable conventional tool, such as a tool 
described in any of the prior art documents referred to 



above. Thus, as is illustrated in Fig. 8, the occluder 10 
according to the invention is folded along its longitudinal 
direction and is, together with its retracting means 22, 
inserted into a generally tubular tool 23. Then, the tool 
5 is inserted through the puncture and the occluder is 
pushed out completely into the vessel with its longitudi- 
nal direction essentially in the longitudinal direction of 
the vessel. The tool is removed and, using the retracting 
means, the occluder is urged against the inner vessel 
wall thereby sealing the puncture to stop blood from ex- 
iting through the puncture. 

[0033] The pulling force of the retracting means is 
maintained by any conventional means such as an ad- 
hesive applied to the skin of the patient (as described in 
US 4,744,364) or an extra-arterial occluder (as de- 
scribed in US 5,350,399 and US 5,342,393). 
[0034] Thus, with an occluder according to the 
present invention a tight sealing of a puncture in a vessel 
is obtainable. With the occluder of the invention, a lower 
sealing force is required compared to a case of a sealing 
means outside the vessel, since the blood pressure in 
the vessel acts on the occluder to urge it against the 
vessel wall. 

[0035] The elongated structure of the occluder of the 
present embodiment, with its elongated thick central 
portion, ensures improved safety from ripping the edge 
of the puncture. At the same time, it is readily foldable 
for insertion into an introducer. 
[0036] Although shown having a generally oval 
shape, the outer shape of the occluder could be any 
elongated shape ensuring a proper sealing of the punc- 
ture and, at the same time, allowing the thicker central 
portion to rest at the comparatively strong areas around 
the puncture, depicted with 8 in Fig. 4, or an essentially 
symmetrical shape as circular. However, the oval shape 
is preferred since it is assessed to limit the risk of injuring 
the vessel wall. 

[0037] The difference in stiffness between the central 
portion and the rim portion of the occluder could also be 
achieved by other means than different thickness. For 
example, a second embodiment of an occluder 30 ac- 
cording to the present invention is shown in figs. 9 and 
1 0, wherein the rim portion 32 is similarto the rim portion 
12 of the first embodiment, butthe higher stiffness of the 
central portion 33 is achieved with an insert 31 of a stiffer 
bioabsorbable material than the material of the rim por- 
tion 32. Of course, the central portion could be made 
entirely of the material having higher material stiffness 
(i.e. the stiffer material not being an insert but forming 
the central portion in itself), in which casethe rim portion 
should be separate and attached to the central portion 
for example with an adhesive. 

[0038] It is clearthatthe present invention may be var- 
ied in many ways with respect to the detailed description 
above. Such variations are not to be regarded as a de- 
parture from the spirit and scope of the invention, and 
all such modifications as would be clear to one skilled 
in the art are intended to be included within the scope 
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of the following claims. 
Claims 

5 

1. An occluder (10; 30) for Intra-arterlal sealing a punc- 
ture in a vessel, characterized in that said occlud- 
er (10; 30) includes 

a central portion (1 1 ; 31 ) of an elongated shape, io 
having a length (Lcp) that exceeds the diameter 
of the puncture in the vessel direction and a 
width less than the diameter of the puncture in 
a direction transverse to the vessel direction; 
and 15 
a rim portion (12; 32) at least along each longi- 
tudinal edge of the central portion; 

said central portion having higher structural stiff- 
ness than the rim portion 20 

2. The occluder according to claim 1 , wherein the 
higher stiffness of said central portion is provided 
by a central portion (11) having a maximum thick- 
ness (Tcp) at least twice the maximum thickness 25 
(Trp) of said rim portion (12). 

3. The occluder according to claim 2, wherein said rim 
portion (12) has a maximum thickness (Trp) not ex- 
ceeding 1/3 of the maximum thickness (Tcp) of said 30 
central portion (11). 

4. The occluder according to claim 1, wherein the 
higher stiffness of said central portion Is provided 

by a central portion (31 ) including a material having 35 
a higher material stiffness than the material of said 
rim portion (32). 

5. The occluder according to anyone of the previous 
claims, wherein said central portion (11 ; 31) has a 40 
length (Lcp) approximately 50% longer than the di- 
ameter of the puncture in the vessel direction. 

6. The occluder according to anyone of the previous 
claims, wherein said rim portion (12; 32) extends 45 
around the entire central portion (11 ; 31). 

7. The occluder according to anyone of the previous 
claims, wherein said central portion (11 ; 31) is oval 

shaped. 50 

8. The occluder according to anyone of the previous 
claims, wherein said rim portion (12; 32) is tapered 
outwards to its periphery. 
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The occluder according to anyone of the previous 
claims, wherein said central portion (11) includes 
means (13, 22; 21) for applying a sealing force. 
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